Three strains of creatinine-hydrolysing bacteria isolated from human urine were characterized taxonomically. They were aerobic, non-spore-forming, Gram-positive rods with the peptidoglycan of the cell wall containing lysine. MK-8 and MK-9 were found to be the major types of menaquinone. The G+C content of the DNA was 66-67 mol%. The 165 rRNA sequence of one strain (GIFU 12498) was determined and aligned with other high-G+C-content Grampositive rods from different genera. Following phylogenetic analysis, this strain was placed in the genus Arthrobacter. Arthrobacter protophormiae was the most closely related species in the phylogenetic tree, and this species also showed the highest sequence homology value (97%) with GlFU 12498. However, DNA-DNA hybridization indicated that GlFU 12498 did not belong to A. protophormiae (330823.5 O/ O chromosomal similarity). The three urine strains belonged to one species because they shared more than 95% DNA-DNA similarity. It is proposed that these strains are placed in the genus Arthrobacter as a new species, Arthrobacter creatinolyticus sp. nov. The type strain of A. creatinolyticus is GlFU 12498, which has been deposited in the Japan Collection of Microorganisms (JCM) with the accession number JCM 10102.
INTRODUCTION
Whilst screening patients for neuroblastoma, we noticed that creatinine levels in many urine samples were unusually low (14). To investigate the reason, we tried isolating creatinine-hydrolysing bacteria from the urine. From 1003 urine samples, we successfully isolated 179 strains that hydrolysed creatinine. Of these, 175 strains had a typical rod-coccus cycle and were suspected to be members of the genus Arthrobacter or Brevibacterium (1 5) . However, most strains did not satisfy the descriptions of established species of the two genera. These strains were further biochemically characterized and suspected to be Arthrobacter species. Antisera raised against them divided them into 30 serogroups (1 5) . Three strains belonged to one serogroup and shared common biochemical traits. In this paper, we describe the further charac- The DDBJ accession number of the nucleotide sequence of strain GlFU 12498 reported in this paper is D88211.
terization of these three strains using 16s rRNA sequencing, peptidoglycan analysis, determination of G + C content and quantitative DNA-DNA hybridization. We propose their taxonomic position to be a new species in the genus Arthrobacter.
METHODS
Strains, culture and DNA extraction. The isolated strains (GIFU 12498, GIFU 12499 and GIFU 12500) were cultured on brain heart infusion agar plates at 37 "C. The type strains, Arthrobacter globiformis (JCM 1 332T), Arthrobacter uratoxydans (IF015515T), Arthrobacter ilicis (IF0 15514T), Arthrobacter aurescens (JCM 1 330T), Arthrobacter nicotianae (IF0 14234T), Arthrobacter protophormiae (IF0 12 1 2ST) and Arthrobacter sulfureus (IF0 1267ST) were cultured on brain heart infusion agar plates at 30 "C. DNA was extracted as described previously (10) .
Biochemical characteristics. Biochemical traits were assessed as described by Nash (22 X.-G. Hou and others magnesium sulfate, 0.2 g; agar, 15 g; bromcresol purple (0.04%), 15 ml] to a final concentration of 1 YO. After inoculation, the culture was observed continuously for 1 week. The creatinine hydrolysis test was performed as described by Goto et al. (15) . Xanthine hydrolysis was assayed by adding 0.4 g xanthine in 10 ml distilled water to 100 ml melted basal medium (22). Hydrolysis of xanthine is indicated by the appearance of a clear area around the inoculum. Starch hydrolysis was measured by adding soluble starch to basal medium to a final concentration of 1 YO. The plate is flooded with iodine and the appearance of a clear area around the inoculum indicates a positive result. Aesculin and gelatin hydrolysis, nitrate reduction and a catalase test were performed using an API Coryne kit (bioM6rieux).
Analysis of diaminopimelic acid and other cell wall amino acids. The diamino acid was analysed by TLC as described by Kawamura et al. (1 7 ) and Yano et al. (29) . For other cell wall amino acid analyses, bacteria were suspended in 10 ml 10 YO trichloroacetic acid and boiled for 30 min. The lysed bacteria were collected by centrifugation, and the precipitate was washed twice with distilled water, suspended in 10 ml PBS (0.145 M sodium chloride, 5 mM monobasic sodium phosphate, 8 mM dibasic sodium phosphate, pH 7-2) containing trypsin (2 mg ml-l) and incubated at 37 "C for 3 h. The precipitate was collected by centrifugation and then washed twice with distilled water. The precipitate was hydrolysed with 1 m16 M HC1 at 100 "C for 18 h and then dried in a rotary evaporator. The amino acids were labelled with phenyl isothiocyanate (Wako) and analysed by HPLC (Hitachi).
Determination of major menaquinones. Menaquinone analysis was performed as described previously (7, 29) . Briefly, the lyophilized bacteria (50-100 mg) were suspended in chloroform and methanol (2: 1, v/v) and shaken vigorously for 30 min. After centrifugation, the organic phase was collected, dried by rotary evaporation and then dissolved in 500 pl acetone. The sample was purified by TLC (Merck). The menaquinone band was collected and mixed thoroughly in 1 ml acetone. The solution was filtered, the organic phase evaporated and the samples dissolved in 1 ml acetone and then analysed by HPLC.
Determination of DNA base composition. This was done as described previously (1 1). Briefly, purified DNA (5-10 pg) dissolved in 10 pl distilled water was denatured by boiling for 10 min. Ten microlitres of nuclease PI (2 units ml-l) was added and the mixture incubated at 50 "C for 1 h. Ten microlitres of alkaline phosphatase (2.4 units ml-l) was then added and the mixture incubated at 37 "C for 30min. Aliquots (5-10 pl) of sample were analysed by HPLC.
DNA-DNA hybridization. Microplate DNA-DNA hybridization was carried out according to the method of Ezaki et al. (12, 13) , which has been successfully used to determine genetic relatedness among bacterial strains such as Pseudomonas spp., Legionella spp. and Streptococcus spp. and to propose new independent species (21), and this method can be an alternative to radioisotope and membrane filter hybridization methods. Briefly, the purified DNA (100 pg ml-l) was denatured by heating in boiling water for 10 min and then diluted to 10 pg ml-l with ice-cold PBS (pH 7.4) containing 0.1 M MgC1,. The diluted DNA solution was distributed in microplates (Inter Med) at 100 p1 per well, and the plates incubated at 30 "C for 6 h. The solution was discarded and the plates dried at 45 "C. The plates were prehybridized for 10 min and then hybridized with biotinylated DNA under stringent conditions (2 x SSC and 50 % deionized formamide hybridization solution) at 42 "C for 2 h. The plates were washed three times with 1 x SSC. One hundred microlitres of streptavidin-D-galactosidase [lo00 times diluted with 0.5 YO BSA (Gibco-BRL) in PBS] was then added to each well. The plates were incubated at 37 "C for 30 min and washed three times with 1 x SSC. Finally, 100 pl of the substrate 4-methylumbelliferyl galactopyranoside (Wako) was added to each well and the plates read with a Titertek Fluoroskan I1 spectrophotometer (excitation 360 nm, emission 450 nm ; Labsystems).
Cloning and sequencing of the 165 rRNA gene. The 16s rRNA gene was amplified with universal primers for the bacterial 16s rRNA gene and the sequence (corresponding to positions 8-1392 in Escherichia coli) was determined using the dye primer method with an automatic sequencer (model 373A; Applied Biosystems).
The sequences of Arthrobacter species and species of related genera used in the alignment and homology calculation were obtained from the GenBank and EMBL databases. The sequences were aligned with CLUSTAL w software (27) and phylogenetic distances were calculated by the neighbourjoining method. The tree topology was estimated by bootstrap analysis.
RESULTS

Morphology and biochemical characterization of the isolates
Cells of the isolated strains were Gram-positive rods after 2 4 h in culture at 37°C. They changed into Gram-positive cocci after 48 h in culture (Fig. 1) . Table 1 shows that all three strains displayed an identical biochemical profile. Of the eight sugars tested, acid was produced only from glycerol. Catalase was generated and nitrate was reduced by the bacteria. Gelatin, creatinine and xanthine were hydrolysed, but starch was not.
16s rRNA sequence analysis
We selected strain GIFU 12498 and sequenced the 16s rRNA gene (positions 8-1392, E. coli numbering). A comparison with the sequences of other species of Arthrobacter and related genera indicated that the strain clustered in the genus Arthrobacter (Fig. 2) , and 16s rRNA sequence homology with the genus Arthrobacter was more than 94% (data not shown), but with Micrococcus lyZae it was 93.6 YO. The ' intermix ' of some species of Micrococcus and Arthrobacter has been described by Koch et al. (19) . A phylogenetic tree constructed using CLUSTAL w with established species of Arthrobacter showed that GIFU 12498 was closely related to the A. nicotianae group (18) including A . nicotianae, A . uratoxydans, A. protophorrniae and A . sulfUreus (Fig. 2) . The highest 16s rRNA homology was with A . protophorrniae (97 YO). The phylogenetic tree strongly supported this clinically isolated strain being a member of the genus Arthrobacter. A length variation in the 16s rRNA sequence was found in the isolated strains from position 455 to 475 Arthrobacter creatinolyticus sp. nov. 
Cell wall amino acid analysis TLC analysis indicated that the isolated strains did not contain diaminopimelic acid in their cell walls. HPLC analysis of the peptidoglycan found three different amino acids, glutamic acid, alanine and lysine, in a ratio of 1.9 : 3.1 : 1, which suggested that the diamino acid is lysine and the interpeptide contains glutamic acid and alanine. The peptidoglycan analysis results are consistent with the finding that species in the A . nicotianae group have A4a-type peptidoglycan (2, 20, 25). Our strain was located in this group in the ph ylogenetic tree.
D N A-D N A hybrid i za t i o n
This was performed between the isolated strains and established species in the genus Arthrobacter under stringent conditions as described in Methods. Strains GIFU 12498, GIFU 12499 and GIFU 12500 shared more than 95 YO chromosomal homology (Table 2) .
GIFU 12498 shared 33.8 f 3.5 YO chromosomal homology with the closely related species A . protophormiae.
(E. coli numbering). The isolated strains were found to have an extra seven bases in this region (Fig. 3) . By comparison with other species, we found that length variation also exists in Arthrobacter atrocyaneus, Arthrobacter cumminsii and Arthrobacter ureafaciens (Fig. 3) .
DNA base composition and major menaquinones
GIFU 12498, GIFU 12499 and GIFU 12500 had DNA base compositions of 66,67 and 66 mol% G + C, respectively. MK-8 and MK-9 were found to be the major menaquinones, as is the case in some other Arthrobacter species (4, 6). 
DISCUSSION
The genus Arthrobacter was originally described by Conn & Dimmick (8) . Species in this genus are morphologically depicted as rod-coccus cycle organisms and have lysine as the diamino acid in the cell wall (9) . There are several other genera that have rod-coccus cycles, such as Aureobacterium spp., and some Rhodococcus and Brevibacterium spp. (1 8) . However, species in these genera have ornithine or diaminopimelic acid as the diamino acid in the cell wall, which can be used to differentiate Arthrobacter from other rod-coccus cycle bacteria. Therefore, the species formerly named Arthrobacter terregens and Arthrobacterflavescens, which contain ornithine as the cell wall diamino acid, have been transferred to the genus Aureobacterium as Aureobacterium terregens and Aureobacterium JEavescens (5). 16s rRNA sequencing has shown its usefulness in conclusively identifying new isolates. The phylogenetic positions of many new species have been determined and some misclassified species have been revised by this technique (2,23,28). About 1400 bases determined for strain GIFU 12498 were aligned with species of the genus Arthrobacter and related high-G + C-content Gram-positive species, including some with a rodcoccus cycle. A species in the genus Micrococcus was also included because these two genera are closely related (19, 20) . The result indicated that the isolated strain was affiliated to the genus Arthrobacter (Fig. 2) . Within this genus, strain GIFU 12498 formed a cluster together with A. nicotianae, A. sulfureus, A . uratoxydans and A. protophormiae (level of similarity, 97 %), whose cell wall types were A4a (25) . We confirmed the 16s rRNA gene length variation in the three strains GIFU 12498, GIFU 12499 and GIFU 12500 by direct sequencing. Each strain was sequenced three times and all three strains had the same sequence in this region. E. coli has been found to form a helix in this region with a 7 base hairpin (3). A similar phenomenon also occurs in the genus Mycobacteriurn (26) , which can discriminate fast-growing and slowgrowing species. The length variation in strains GIFU 12498, GIFU 12499 and GIFU 12500 was different from that in other species such as A . ureafaciens, A. cumminsii and A . atrocyaneus, and partial sequencing in this region may therefore be used to identify them. The characteristics of our clinical strains were consistent with the description of the genus Arthrobacter with regard to morphology, cell wall analysis and menaquinone analysis. They also support the conclusion from the 16s rRNA alignment that these strains belong to the genus Arthrobacter. Arthrobacter species are usually isolated from the environment and are described as growing at 30 "C (1, 16). Few species can grow at 37 OC, but our isolates are able to. The closely related species A . sulfUreus does not grow at 37 "C after 24 h culture, and A . protophormiae forms tiny colonies under the same conditions, whilst A . uratoxydans and A . nicotianae grow as well as the strains isolated from human samples. However, the isolated strains are quite different from these two species according to DNA-DNA hybridization (chromosomal homology level lower than 20 %), which is thought to be the superior method for the determination of relationships between bacteria at the strain level (24) . The hybridization data also show that the strains isolated are different species from A . protophormiae because the DNA similarity is lower than 70 %. This value is used to judge whether different strains belong to the same species when they share more than 97 % 16s rRNA sequence homology. It has been found that some species share 99.8 YO 16s rRNA homology, but DNA reassociation values may be as low as 25 %. However, it has not been found that strains have more than 60-70Y0 DNA similarity if their 16s rRNA homology values are below 97.5 % (24). Biochemically, the isolated strains can be differentiated from other species with the same cell wall type (Table 3) .
Description of Arthrobacter creatinolyticus sp. nov.
Arthrobactei-creatinolyticus (cre.a.ti.no.'ly.ti.cus. Gr. n. creatinolyticus creatinine-hydrolysing). Grows well aerobically at 37 "C and cells are nonmotile, Gram-positive irregular rods with a length of about 1.4-3-6 pm and a width of 0.5-04 pm. Cells change into cocci in older cultures and their diameter is 0.5-0.8 pm. Colonies are circular, smooth and yellowpigmented on brain heart infusion agar. The diameter of the colonies is about 1-15 mm after 24 h culture. The cell wall amino acid components and ratio are Glu : Ala : Lys, 1.9 : 3.1 : 1. The diamino acid is lysine. MK-8 and MK-9 are the major menaquinones. Catalase is produced; starch is not hydrolysed; creatinine and xanthine are hydrolysed ; gelatin is hydrolysed ; and nitrate is reduced; acid is not produced from xylose, ribose, galactose, rhamnose, arabinose, xylitol or inositol, but is produced from glycerol. The G + C content of the DNA is 66-67 mol YO, as determined by HPLC. The type strain is GIFU 12498 (= JCM 10 102).
